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Abstract
This paper addresses the new problem of transparency 
in relation to pedestrians’ interaction with driverless 
vehicles, arising from their lack of visual cues to replace 
those currently provided by the visible behaviours of 
the driver. It reports two observational investigations 
of the affordances of the street, one looking at the 
street as static environment, the other at pedestrian 
behaviours in relation to driven vehicles. The findings of 
the research were used to identify the decision-making 
process, timings and exhibited behaviours of pedestrians 
and drivers in the street environment. 
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1.  Introduction
The field of autonomous vehicles (AV) has recently 
received considerable attention with the rapid 
development in the industry both by traditional 
automakers such as Jaguar Land Rover, Nissan and 
Volkswagen, and leading innovators from other 
fields such as Google, Lyft and Uber. In spite of 
the increasing capabilities of autonomous vehicles, 
such as environmental sensing, object detection 
and compliance with rules, their ability to react to 
unexpected situations is still questionable [1]. On 
a more general level, Zimmerman[2] explains the 
competent use of a given rule. He mentions that the 
usage of rules is dependent to the state of normality 
as the unpredictable occurrence of situations threats 
the production of desired outcomes. From this point 
of view, the deployment of autonomous vehicles in the 
urban environment is still a concern on safety grounds. 
There is evidence that some types of pedestrians have 
low levels of confidence in interacting with driverless 
cars [3].
Companies in the automobile industry were said to have 
invested in safety-related technology around $80bn 
dollars by the end of 2018 [4]. Much of the research is 
concerned with low-level interactions, disregarding the 
complexity of the urban environment. Autonomous 
navigation in a busy urban street environment is 
currently a challenge for driverless car innovators due 
to the unpredictability of the bidirectional interaction 
between humans – particularly pedestrians – and 
autonomous vehicles. The research reported here 
contributes toward this longer-term goal through 
research into pedestrians and driver behaviours in 
the existing street context. This is a prerequisite 
for understanding how to design more transparent 
autonomous vehicles whose behaviour is more easily 
predicted.
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2.   Key Concept: Transparency
We first introduce transparency in our context, then 
overview relevant interaction design centred on 
autonomous vehicles. Research in intelligent systems 
and human interaction shows a clear demand for 
transparency [5]. Much of the debate is around making 
machine intelligence accountable [6][7][8] with emphasis 
on their being transparent after the fact, though the 
need for intention to be perceptible is also acknowledged 
as important, which may include designing intelligent 
machines so that their general appearance allows their 
genre of action to be predicted  [9]. Our interest is 
in transparency immediately prior to and during the 
interaction. Kirsch [10] describes the interaction 
between two parties as transparent when the user, 
in our case the pedestrian, with a certain amount of 
information may understand clearly what actions an 
object affords. Each party gains understanding through 
sharing information clearly and intentionally with the 
other [11]. An important consideration is the optimum 
amount of information-sharing to reach a satisfactory 
level of communication [12]. Overloading individuals 
with information is not desirable in many contexts, but 
especially when rapid and effective decision-making may 
make the difference between life and death or serious 
injury. 
2.1  Designs to Increase Transparency of 
Autonomous Vehicles
When a pedestrian observes a traditional driven vehicle, 
much of that vehicle’s imminent action is predictable 
because the pedestrian sees not only the vehicle but 
also the driver. The pedestrian reads the posture, 
gaze, gestures and expressions of the driver. The 
vehicle-driver system taken as a whole is productively 
transparent. If the vehicle is wholly autonomous, 
however, these key indicators are missing. The vehicle 
has become opaque and its imminent actions are no 
longer predictable. In the image above, we can see 
several recent attempts to overcome this problem. In 
the projects of Drive AI, Lumiled and Nissan, messages 
inform pedestrians textually of the vehicle’s intention, 
while the smiling-car concept expresses itself through 
a human-like gesture of smiling to communicate with 
pedestrians. Another anthropomorphic imitation by 
Jaguar Land Rover applies moving eyes to the vehicle. 
The Autonomi concept detects and tracks pedestrians 
and re-communicates this data through its LED lights. 
Mitsubishi, Mercedes Benz and Umbrellium concepts 
instead focus on signals from street signage design. 
2.2 Conceptualizing the Problem
Theoretical insights relevant to the problem include 
those of phenomenology and ethnomethodology. 
Merleau-Ponty's analogy of the player's navigation and 
exploitation of the football field [13:168] is particularly 
relevant to the dynamic, emergent, often antagonistic 
negotiation by pedestrians, drivers, and others, of 
the streetscape. It echoes Gibson's [14] concept of 
affordances and his emphasis on embodied cognition 
within dynamic contexts. Garfinkel's ethnomethodology 
is useful for its emphasis on the emergent production 
of acceptable and effective behaviours, for example 
Fig. 1. Designs for autonomous vehicles or streets to improve the pedestrian crossing situation. 
The products in the pictures are designed, respectively, by: Drive AI, Semcom, Umbrellium, 
Lumiled, Mercedes Benz, Jaguar Land Rover, Nissan, Mercedes Benz, Mitsubishi, AutonoMi.
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his characterisation of understandings "progressively 
realized and realizable through the further course of the 
conversation" [15:41] and the emergence of a "common 
scheme of interpretation and expression"[15:40]. 
As developed by Zimmerman [2], these ideas of the 
dynamic, co-production of behaviours include ad-
hoc rule-breaking and rule re-interpretation in the 
service of pragmatic goals. Liberman [16] argued that 
pedestrians and vehicles concert their movements to 
form a local orderliness that better solved the problem 
than enforcing traffic rules.
3.  Methods: Reading the Street, and 
Observing Pedestrian-Driver Interaction
In our first study, we mapped the affordances of two 
environments in London: Exhibition Road (Fig. 2) and 
Piccadilly Circus (Fig. 3). These streets were selected 
because they both attract mainly tourists even though 
the designs of the streets are different: in particular, the 
first is a “shared space” [17] with deliberately ill-defined 
zones for pedestrians and vehicles, while the second has 
traditional limits.
We looked at the streets in two ways: first our own 
analysis of the affordances of the environment, then 
observation of how pedestrians seemed to “read” 
these affordances. In the second study, we explored 
how pedestrians understand the intention of drivers 
and what kind of non-driving tasks are performed 
by drivers to communicate their intent. The aim was 
to identify the components of natural interactions 
between pedestrians and drivers in the chosen street 
environment, in order to specify the inputs which, in 
particular, leads pedestrians to make decisions about 
crossing or not crossing the street. 
3.1  First Method: Reading Affordances in the 
Environment
Gibson used the term affordance [18] to capture how 
the physical state of an object or environment permits 
and encourages particular sets of interactions. A 
key feature of his thinking was the shift away from a 
nominative approach to perception - one based on 
naming and classifying - to a verbal one, based on action 
and the potential for action. Gibson’s emphasis was 
on affordances that already exist, whereas Norman’s 
later work shifted the emphasis to the deliberate 
design of visual affordances [19]. By identifying existing 
affordances it is possible to understand how, through 
design, we may be able to invite behaviours and to a 
certain extent predict possible interactions around 
a certain object. Knappett [20] describes the key 
elements of affordances as sociality, relationality and 
transparency. 
To explore our two environments and users’ 
perceptions of them, we created concept maps 
divided into two parts: direct perception and indirect 
perception. The first refers is our own observation of 
the properties of the environment [18]. The second 
captures aspects of the process of others’ meaning-
making in the space, by evaluating it within live social 
situations [20]. The framework of the map was inspired 
by Ferrarello at al.’s map where physical artefacts are 
connected by wires to labels for affordances derived 
from objective and subjective assessments [21]. This 
framework captured the differences and similarities in 
these two environments, showing how people use the 
street and interact with it.  Our findings are discussed 
below at 4.1.
3.2  Second Method: Using Behavior Coding to 
Capture Interactions
We conducted live observations of street users in 
context for brief periods of time on multiple occasions, 
and coded their behaviours, using standard coding 
techniques [22], focusing on analyzing interaction [23]. 
During the observations, we periodically summarized 
the physical and non-verbal behaviours of the individuals 
in the specific categories defined in figure 4. Each code 
is used to mark the occurrence of a specific behaviour 
or set of behaviours. The result is a sequential record of 
the behaviours of one or more individuals. 
Fig. 2. Panoramic Photo of Exhibition Road
Fig. 3. Panoramic Photo of Piccadilly Circus
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The approach provides information about the 
frequencies of specific behaviours engaged in 
interactions by a certain individual. It is reasonably 
objective, though open to nuances of interpretation: 
our resources only allowed a single researcher to 
undertake the coding. It allows us to examine relations 
between behaviours, either within individuals or among 
pairs (pedestrian-pedestrian or pedestrian-driver). The 
observations help us answer questions related to social 
interactional processes in the street environment during 
the negotiations. 
3.3  Group of Participants
The behaviour coding was applied to a total of 102 
pedestrians (43 female, 59 male). There were 2 between 
age 12-16, 16  between age 16-24, 36 between age 
25-34, 38 between age 35-54, 8 between age 55-70, 
2 over age 70 (all ages estimated). The observations 
were undertaken between May and July 2018, on 
typical weekend days and weekdays. We coded the 
interactions of pedestrians during direct observation in 
the street according to the table in Figure 4 and took 
photos as needed. The data in our mappings are based 
on observations in the field over three days at different 
periods of the day at Piccadilly Circus and Exhibition 
Road. The most significant selection criterion was if 
they were involved in an interaction with another road 
user such as a pedestrian or driver. All the selected 
individuals were trying to cross the road without the aid 
of any form of signal or control point.
4.  Findings
4.1  Findings from Affordances Mapping
Location 1, Exhibition Road, showed that people have 
an unusual experience of the space. As commonly 
with shared space, users have difficulty “reading” the 
design decisions represented by the environment. For 
example, not having a curb or difference of pavement 
height clearly leads some pedestrians to think the road 
is for pedestrian only, while drivers fail to identify the 
subtle indicators of lines and if they are going in the 
right lane or not. Such ambiguity has been posited as 
a weakness, and also as a strength of shared space on 
the grounds that it may cause all involved to exercise 
greater attention through their attempts to understand 
the situation [24].
When we look into Piccadilly Circus, there are 
some very different physical properties compared 
to Exhibition Road. The design of the junction more 
closely resembles the rest of London in terms of 
heights and materials. The organisation of the junction 
is carefully planned because it is a very crowded and 
busy environment. The majority of the users’ age 
group is constituted by teenagers and young tourists, 
Fig. 4. Behaviour 
Coding Data Sheet
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whilst Exhibition Road mainly attracts older tourists 
or children. The Piccadilly Circus junction is very busy 
because of the traffic flow at almost any time of the 
day, but especially at peak hours, there is a significant 
accumulation of car users, public transport users, 
cyclists and pedestrians. Illuminated high screens and 
neon lights for advertising create a visual distraction, 
potentially taking attention from the busy street 
environment. In addition, the number of signals to aid 
pedestrians is relatively low considering the complexity 
of the environment. 
4.2  Findings from Behavior Coding:
Overall, pedestrians’ actions noted were either 
observing other pedestrians or making eye-contact with 
a driver. Pedestrians’ behaviours were goal-oriented, 
adaptive and far from automatic responses, however 
sometimes during the interactions with the drivers, 
their behaviours were built on elements which are 
automatized. Figure 6 summarises the key behaviour 
coding results for both locations for a total of 102 
pedestrians (51 Exhibition Road, 51 Piccadilly Circus). 
The Willingness to Interact. 85% of individuals 
were observed looking for signals of the drivers’ 
intention to stop or not. They were trying to ensure 
that their commitment to action – to cross the road 
– is appropriate. Clearly, most of the people observed 
wanted to have feedback or respond before they acted. 
Throughout the interaction process, 92% of the people 
were able to make use of sound information; the other 
7% were either listening to music or talking on their 
phone. 1 person out of 102 clearly had poor vision; he 
managed to cross the road using sound and the help of 
his companion. 
Trust in Collective Behaviour. 42% of pedestrians 
who were observed planned their crossing of the road 
by looking at the behaviour of other pedestrians. They 
seem to put their trust in other pedestrians rather than 
relying on their own individual judgements of drivers or 
of the street system. This behaviour occurred mainly 
in Piccadilly Circus, with 34 individuals. This socially 
constructed engagement with traffic is a relatively 
neglected aspect in the literature.
Fig. 5. Affordances Map for Exhibition Road Fig. 6. Affordances Map for Piccadilly Circus
Fig. 7. Results of Behaviour Coding
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Negotiation through Speed Change. A majority of 
pedestrians used the speed of the vehicle as inputs to 
judge when to cross; they also negotiated with drivers 
through adjusting their own speed. The increase or 
decrease in vehicle or pedestrian speeds had a decisive 
effect on the negotiations between them. It was used 
as a means to show an intention to the other party. For 
72% of individuals, this behaviour had an enacting effect 
on the opposite individual. For example, the driver 
reduces speed to allow a pedestrian to safely cross the 
road or the pedestrian takes a step back while trying to 
cross to allow the driver to pass instead. An important 
detail of this interaction is timing and making sure that 
the opposite party can read one’s intention.
Time Course of Interaction. Some individuals 
carried out a series of actions related to the 
consequences of prior actions. For example, 20% of the 
individuals who were evidently in a hurry performed 
more active behaviours during the interaction period 
while only 18 of them performed an aggressive 
behaviour through sounding the horn at the pedestrian 
several times and making certain hand gestures. On 
the other hand, the results they received were fast 
reactions. These interactions were grouped as less than 
5-second interaction in Figure 6. Groups comprising 
families or couples showed more passive behaviour. 
They prioritised safety and tried to cross when there 
were as few vehicles as possible. Their waiting time and 
attention to the vehicles were noticeably higher than 
the rest. Drivers were more cautious towards these 
groups of pedestrians. The duration of interaction 
takes more than 10 seconds compare with individual 
pedestrians.
5.  Discussion: Decoding The Information 
Flow Between the Driver and Pedestrian
The data gathered through the behaviour coding 
consisted of the reactions of pedestrians and drivers in 
two different places and their negotiation in the existing 
system of a street. The relationship between driver 
and pedestrian behaviours was observed.  A conflict 
of interest is clearly indicated where each wishes to 
make progress at the expense of the other. In Figure 
7 we have summarised the elements of a pedestrian’s 
perception which affect interactions between pedestrian 
and driver.
The diagram captures the range of affordances that 
pedestrians use to interact in the street and the 
elements that affect their experience. Even without 
language or digital technology, the affordances of the 
environment inform pedestrians what actions are 
doable and preferable. This information can reframe 
the interaction design between autonomous vehicle and 
pedestrian.
In figure 8, we created a framework to informs the 
process of the pedestrian’s interaction with the driver, 
and how it can be affected by the environment. This 
Fig. 8. Perceptual Map of 
Pedestrians
Fig. 9. The Interaction Process of Crossing Behavior
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helps us to gain understanding about the pedestrian’s 
expectation in the interaction.
We have identified how interactions occur in the 
traditional street environment (Figure 9) and how these 
might occur with autonomous vehicles (Figure 10).  
The diagrams show how conceiving the design task as 
one of constructing affordances, informing possibilities 
for action rather than only explicitly directing the 
pedestrian. This can inspire a new way to design 
transparent interaction between autonomous vehicle 
and pedestrian.
6.  Limitations and Further Research
This study was part of a larger research project focused 
on designing a transparent framework for interaction 
between autonomous vehicles and pedestrians. 
The framework was evaluated by participants of an 
exhibition using a virtual reality simulation. A future 
step would be to test variations of the framework 
through experimental tasks with a range of timings and 
speeds.
The study described in this paper focused on just 
two streets. Though different from each other as 
explained, they do not represent the full range of 
street types. It would be also helpful to use technology 
more extensively such as recording the selected 
streets for periods of time and analysing the timings, 
speeds and movements precisely. For instance, 
ethnomethodological video analysis can be considered 
as one of the methods as well. However, even though 
there are gaps that can be filled through more 
observation, we did acquire sufficient information to 
develop a new approach to designing transparency for 
future interactions between autonomous vehicles and 
pedestrians.
7.  Conclusion
This study is preliminary research towards designing 
transparency for interactions in an urban street 
environment. It contributes to identifying a step-by-step 
approach to the decision-making process for designed 
transparency in interaction. In particular, it highlights 
the importance of feedback, the iterative perceive-act 
cycle, and the need for driver-vehicle system to act 
as a source of actionable affordances for safe action. 
As a first step, we defined what streets enable right 
now and what are their interactive elements. Then we 
looked into the interactions between actors in the same 
environment. These helped us to understand what is 
the level of transparency in the interactions happening 
in the street environment, what people are looking for 
when they need to communicate with other individuals 
or interact with other objects.
This qualitative research builds a case for designing 
interactions with autonomous vehicles by considering 
the street environment itself and the existing knowledge 
of pedestrians while taking decisions. The key findings 
are that the influences on pedestrians’ decision-making 
process are: collective behaviours, subtle timings of 
sequenced interactions, and the use of speed as a means 
of communicating intention.
This research points at the opportunity of utilizing 
the interpersonal trust between pedestrians to help 
create a transparent interaction with autonomous 
vehicles. This can be done by triggering this kind of 
collective behaviour through the physical environment 
or the inputs of an autonomous vehicle, as well as 
creating a perception of collectivity in the action of an 
autonomous vehicle. Also, speed change and interaction 
time frame can be used as an input for designing 
interaction with autonomous vehicles. This research is 
presented as an invitation for future work to extend the 
models given.
Fig. 10. Types of 
Interactions Occurred 
During The Behavior 
Coding
Fig. 11. The Type of 
Interaction Available in 
Current Autonomous 
Vehicles
Design and Semantics of Form and Movement 103
References
1. Campbell. M., Egerstedt, M., How, J.P., & Murray, R.M. (2010) 
Autonomous driving in urban environments: approaches, 
lessons and challenges. Philosophical Transactions of the 
Royal Society of London A: Mathematical, Physical and 
Engineering Sciences, 368 (1928), 4649-4672.
2. Zimmerman, D. H. (2017). The practicalities of rule use. In 
Everyday Life (pp. 220-238). Routledge.
3. Hulse, L. M., Xie, H. Galea, E.R. (2018). Perceptions of 
autonomous vehicles: Relationships with road users, risk, 
gender and age. Safety Science 102. 1-13.
4. Consultancy United Kingdom,  Trust in autonomous vehicles 
rises, with traditional manufacturers most trusted, United 
Kingdom, 2018 https://www.consultancy.uk/news/16422/
trust-in-autonomous-vehicles-rises-with-traditional-
manufactures-most-trusted 
5. Weller, A., 2017. Challenges for transparency. arXiv preprint 
arXiv:1708.01870.
6. De Laat, P. B. (2018). Algorithmic decision-making based on 
machine learning from Big Data: Can transparency restore 
accountability? Philosophy & Technology, 31(4), 525-541.
7. McBride, N. (2016). The ethics of driverless cars. ACM 
SIGCAS Computers and Society, 45(3), 179-184.
8. Vayena, E., Blasimme, A., & Cohen, I. G. (2018). Machine 
learning in medicine: Addressing ethical challenges. PLoS 
medicine, 15(11), e1002689.
9. Lyons, J.B., 2013, March. Being transparent about 
transparency: A model for human-robot interaction. In 2013 
AAAI Spring Symposium Series.
10. Kirsh, D., 2013. Embodied cognition and the magical future 
of interaction design. ACM Transactions on Computer-
Human Interaction (TOCHI), 20(1), p.3.
11. Piotrowski, S.J. and Van Ryzin, G.G., 2007. Citizen attitudes 
toward transparency in local government. The American 
Review of Public Administration, 37(3), pp.306-323.
12. McKnight, D. H., & Chervany, N. L. (1996). The meanings of 
trust.
13. Merleau-Ponty, M., & Fisher, A. L. (1963). The structure of 
behavior (p. 131). Boston: Beacon Press.
14. Gibson, J. J. (1975). Affordances and behavior. Reasons for 
realism: Selected essays of James J. Gibson, 410-411.
15. Garfinkel, H. (1967). Studies in ethnomethodology.  
Englewood Cliffs, New Jersey: Prentice-Hall.
16. Liberman, Kenneth. More studies in ethnomethodology. 
SUNY press, 2013.
17. Kaparias, I., Bell, M. G., Biagioli, T., Bellezza, L., & Mount, 
B. (2015). Behavioural analysis of interactions between 
pedestrians and vehicles in street designs with elements 
of shared space. Transportation Research Part F: Traff ic 
Psychology and Behaviour, 30, 115-127.
18. Gibson, J.J., 2014. The ecological approach to visual 
perception: classic edition. Psychology Press.
19. Norman, D.,1998. The design of Everyday Things. London: 
MIT Press
20. Knappett, C. (2004). The affordances of things: a post-
Gibsonian perspective on the relationality of mind and 
matter. Rethinking materiality: The engagement of mind with 
the material world, 43-51.
21. Ferrarello, L. F., Hall, A., & Li, W. (2018). Introducing tangible 
aesthetics: Contrasting the introduction of aesthetic analysis 
tools for product designers and interdisciplinary design 
researchers. In DS 93: Proceedings of the 20th International 
Conference on Engineering and Product Design Education 
(E&PDE 2018), Dyson School of Engineering, Imperial 
College, London. 6th-7th September 2018 (pp. 482-487).
22. Cannell, C., S. A., Lawson, and D. Hausser. (1975) “A 
Technique for Evaluation Interviewer Performance.” Survey 
Research Center, Institute for Social Research. Ann Arbor: 
The University of Michigan. 
23. Tracy, J.L. and Robins, R.W., 2007. The prototypical pride 
expression: development of a nonverbal behavior coding 
system. Emotion, 7(4), p.789.
24. Hamilton-Baillie, B. (2004) Urban design: Why don't we 
do it in the road? Modifying traff ic behavior through legible 
urban design, Journal of Urban Technology, 11-1, 43-62.
